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LiC Toy Simulation  
www.hephy.at/project/ilc/lictoy/UserGuide_20.pdf 
•  Toy simulation tool based on simple detector 

description (vtx, its, tpc + outer si configurable) 
–  Multiple scattering based on material budget of detector 

elements.  
–  Material grouped in concentric layers 
–  Layers can be active or inactive, i.e produce hits or not 
–  Generates tracks and fits them based on a kalman filter 

implementation  
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Detector Parameterization VTX 
04 Vertex Detector (VTX) 
05 
06 Number of layers                      :   8 
07 Description (optional)              : |-BeamP.-|---------------------------Vertex detector-----------------------------| 
08 Names of the layers (opt.)      :   XBP,     XMAP1,    MAP1,    XMAP2,    MAP2,    XMAP3,    MAP3,    XMAPShell 
09 Radii [mm]                              :   20,      26.965,   27       31.965    32,      39.965,   39,      50 
10 Upper limit in z [mm]         :   1360.5,  270,      270,     270,      270,     270,      270,     300 
11 Lower limit in z [mm]         :  -1360.5, -270,     -270,    -270,     -270,    -270,     -270,    -300 
12 Efficiency RPhi                :   0,       0,        1,       0,        1,       0,        1,       0 
13 Efficiency 2nd coord. (eg. z)  :  -1,      -1,        1,      -1,        1,      -1,        1,      -1 
14 Stereo angle alpha [Rad]      :   pi/2 
15 Thickness [rad. lengths]      :   0.00215, 0.00246,  0.00054, 0.00246,  0.00054, 0.00246,  0.00054, 0.005 
16 error distribution             :   0 
17 0 normal-sigma(RPhi) [1e-6m]   :   4 
18 sigma(z)    [1e-6m]   :   4 
19 1 uniform-d(RPhi) [1e-6m]     :    
20  d(z)    [1e-6m]      :    
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Detector Parameterization ITS 
22 Silicon Inner Tracker (SIT) 
23  
24 Number of layers              :   9 
25 Description (optional)        : |-------------------------Inner tracker---------------------------------------|TPC inner wall| 
26 Names of the layers (opt.)   :   IT1,       XIT1,    IT2,      XIT2,    IT3,      XIT3,    IT4,      XIT4,    XTPCW 
27 Radii [mm]                    :   60.0,      60.257,  80,       80.257,  100,      100.257, 120,      120.257, 150 
28 Upper limit in z [mm]         :   500,       500,     500,      500,     500,      500,     500,      500,     500 
29 Lower limit in z [mm]         :  -500,      -500,    -500,     -500,    -500,     -500,    -500,     -500,    -500 
30 Efficiency RPhi                :   1,         0,       1,        0,       1,        0,       1,        0,       0 
31 Efficiency 2nd coord. (eg. z)  :   1,        -1,       1,       -1,       1,       -1,       1,       -1,      -1 
32 Stereo angle alpha [Rad]     :   pi/2 
33 Thickness [rad. lengths]      :   0.00214,  0.01786,  0.00214,  0.01786, 0.00214,  0.01786, 0.00214,  0.01786, 0.01 
34 error distribution            :   0 
35 0 normal-sigma(RPhi) [1e-6m]  :   22.5 
36          sigma(z)    [1e-6m]   :   3500 
37 1 uniform-d(RPhi) [1e-6m]    :    
38           d(z)    [1e-6m]      :  
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Detector Parametrization TPC 
40 Time Projection Chamber (TPC) 
41 sigma^2=sigma0^2+sigma1^2*sin(beta)^2+Cdiff^2*6mm/h*sin(theta)*Ldrift[m] 
42 Number of layers      :   60 
43 Radii [mm]                    :   300,780 
44 Upper limit in z [mm]        :   800.0 
45 Lower limit in z [mm]       :  -800.0 
46 Efficiency RPhi              :   1 
47 Efficiency z                  :   1 
48 Thickness [rad. lengths]   :   8.2*1e-5 
49 sigma0(RPhi) [1e-6m]      :   120 
50 sigma1(RPhi) [1e-6m]     :    0 
51 Cdiff(RPhi)  [1e-6m/sqrt(m)] :   0 
52 sigma0(z)    [1e-6m]        :   120 
53 sigma1(z)    [1e-6m]        :   0 
54 Cdiff(z)     [1e-6m/sqrt(m)] :   0 
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Impact Parameter Resolution 
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sPhenix LiC Toy Sim   

Using ALICE LOI like parameters 
- 4um resolution in MAPS 
- 10um resolution Pixels for ITS 
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Impact Parameter Resolution 
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STAR HFT, ALICE LOI, sPhenix LiC Toy Sim (ALICE like settings)   
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VTX + ITS resolution study 

•  Check impact of changing spatial resolution for: 
–  VTX: 

•  4 um (ALICE LOI default) 
•  5.8um -> 20um pixel pitch / sqrt(12) 
•  8.1um -> 28um actual pixel pitch being built for the 50um ALICE MAPs 
•  Charge diffusion in the 50um sensor substrate the charge sharing between pixels should give ~5um 

position resolution with ~30um pixel pitch check: https://www.dropbox.com/s/hdxba6so9odbr9w/
CMOS_UK_meeting2016.pptx?dl=0 

–  ITS: 
•  10um resolution pixels,  i.e 2D position measurements (ALICE LOI style) 
•  22um resolution strips -> 1D measurement 

–  TPC 
•  500um -> 250um 
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VTX + ITS resolution study 

•  Using the latest numbers for the resolutions: 
–  VTX 5um, ITS 22um, TPC 120um 

•  Adding a variation of +/-5um resolution to the ITS to see if TPC 
really dominates the momentum resolution 
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Momentum Resolution 
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 sPhenix Full Sim (Tony) vs. LiC Toy Sim    
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Impact Parameter Resolution 
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 sPhenix Full Sim vs. LiC Toy Sim  
(assuming 0.5mm resolution in the TPC)   
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First conclusion from toy model 
•  We may have some room to improve in the track 

parameter estimation 
–  Will start investigating  

•  Toy model very useful for quick studies of impact 
of detector resolution, material budget and layer 
placement  
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Comment on Electron reconstruction 
•  Limiting factor for electron momentum 

reconstruction is bremsstrahlung in detector 
material. 
–  Contrary to regular multiple scattering this effect is non 

gaussian and has long tails-> bethe-heitler distribution 
–  “kinks” in electron tracks 

•  LHC standard to treat electron reconstruction in 
silicon trackers is the “Gaussian Sum Filter” (GSF) 
–  Extension to the kalman filter allowing for explicit kinks + 

momentum reduction in track while propagating 
–  See e.g. https://arxiv.org/abs/physics/0306087 
–  Can be complemented by reconstruction of associated 

ecal clusters from bremsstrahlung 
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CMS GSF electron reco 
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CMS GSF electron reco 
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GSF for sPhenix 
•  Full ECAL seeded electron reconstruction including 

recuperation of bremsstrahlung photons works well for high 
pt electrons. 
–  May not be realistic for electrons from j/psi’s 

•  Improving the momentum estimation using the GSF may 
still help reducing the impact of the material budget 
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BACK-UP 
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Momentum Resolution 

•  Momentum resolution very sensitive to spatial resolution parameterization 
of TPC hits. Currently assuming 0.5mm ~ cell size/sqrt(12) 

•  Low momentum part not reliable, no energy loss included in toy model  
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Trying some ideas… 
•  Tony mentioned 4 ITS layer may be too much material for electron reco. 
•  50um MAPS may be difficult to procure 
•  Try “light” version of the inner tracker 

–  2 maps layers at 2.7 and 3.2cm radius 
–  2 ITS layers at 10 and 12cm  
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